Objective-We identified, in subjects with first-episode psychosis, demographic and socioenvironmental predictors of three variables pertaining to premorbid marijuana use: age at initiation of marijuana use, trajectories of marijuana use in the five years prior to onset of psychosis, and the cumulative "dose" of marijuana intake in that same premorbid period.
Introduction
Marijuana is the most consumed illicit drug worldwide (UNODC, 2016) . A recent survey on the prevalence of marijuana use in the United States (Hasin et al., 2015) found that past-year prevalence of marijuana use has doubled during the last decade, reaching 9.5% of the nationally representative sample. As widely demonstrated, the risk of psychotic disorders is nearly doubled by marijuana use, especially use in adolescence (Smit et al., 2004) , with marijuana use also showing an association with increased symptom severity (Zammit et al., 2008) and earlier onset of psychosis (Compton et al., 2009; Kelley et al., 2016) . Saddichha and colleagues (2010) found a greater association between marijuana use and the development of psychosis than any other substance. Even though extensively discussed in the literature, the exact role of marijuana use in the genesis of psychotic disorders remains unclear. For example, a recent study found that marijuana use moderates the association between genetic risk for schizophrenia and cortical maturation (French et al., 2015) . Nevertheless, despite a potential etiological role of marijuana use in the development of psychosis (Burns, 2013; Smit et al., 2004) , no solid conclusions have been made about a causal relationship (Minozzi et al., 2010) . Furthermore, a better understanding of how patterns of marijuana use are affected by individual-and social-level determinants is of importance, especially for the planning and development of effective clinical and public policy interventions.
The amount and duration of marijuana consumption can influence the onset of psychosis (Arseneault, 2002; Henquet et al., 2005) . The clearest demonstration of this dose effect comes from Di Forti et al. (2009) , who found that when examining use for the 5 years prior to assessment, marijuana users with first-episode psychosis were more likely to have taken marijuana for a longer duration and daily, compared with unaffected controls from the general population. Insufficiently detailed methods used to assess patterns of use are a common limitation of studies examining premorbid use of marijuana. Age at first consumption and trajectories of use are often not specifically addressed. Some studies have considered large-timeframe categories for age at initiation or have not measured specific frequency of use. Others simply compared groups based on presence or absence of use, or a diagnosis of abuse/dependence. In a previous paper (Kelley et al., 2016) , we approached premorbid substance use focusing on three variables: (1) age at initiation of marijuana use, (2) trajectories of marijuana use in the five years prior to onset of psychosis, and (3) the cumulative "dose" of marijuana intake in that premorbid period. We found that escalation of premorbid use in the five years prior to onset was highly predictive of an increased risk for onset; daily use approximately doubled the rate of onset, even after controlling for simultaneous alcohol/tobacco use. We were able to show that cumulative marijuana exposure was associated with an increased rate of onset of psychosis, independent of sex and family history, which is possibly the reason for age at initiation of marijuana use also being associated with age at onset of psychosis.
Marijuana use in early-course psychosis has been found to be strongly and independently associated with being younger, male, unemployed, and single Mueser et al., 1992; Patel et al., 2015; Tosato et al., 2013) . Aspects of one's childhood environment are also associated with marijuana use; for example, greater and more persistent use has been found in subjects who grew up in an urban environment compared with those from rural surroundings (Cougnard et al., 2007; Kuepper et al., 2011) . Furthermore, childhood trauma and intolerance to normal stress increase the risk of substance misuse (De Bellis, 2002) . Both environmental and trauma-related factors influencing marijuana use have also been found to be independently associated with psychosis (Janssen et al., 2004; Krabbendam and van Os, 2005; Pelayo-Terán et al., 2012) , with some authors suggesting a synergetic interaction in determining psychotic symptoms (Harley et al., 2010) .
As an extension of our prior study (Kelley et al., 2016) , the current analysis sought to identify demographic and socioenvironmental predictors of three variables pertaining to premorbid marijuana use. The variables we previously found to be linked to an earlier onset of psychosis are: (1) age at initiation of marijuana use, (2) trajectories of marijuana use in the five years prior to onset of psychosis, and (3) the cumulative "dose" of marijuana intake in that same premorbid period. We hypothesized that earlier initiation of marijuana use would be predicted by male sex, poorer social and academic functioning in the 6-11-year age period, earlier initiation of cigarette smoking, greater childhood trauma exposure, and greater perceived neighborhood-level social disorder. We also hypothesized that both a more rapid escalation pattern of marijuana use and cumulative dose of premorbid marijuana intake would be predicted by these same variables, as well as a greater Cannabis Experiences Questionnaire (CEQ) pleasurable experiences subscale score and lower CEQ negative experiences subscale scores.
Methods

Setting and Subjects
The sample was recruited from consecutively admitted patients with first-episode psychosis, which was operationalized as having received <3 months of prior antipsychotic treatment and having never been hospitalized for psychosis earlier than three months prior to index admission, though the vast majority were completely naïve to any psychiatric treatment prior to hospital admission. Patients were drawn from three inpatient psychiatric units in Atlanta, Georgia and three in Washington, D.C. Among 713 subjects referred as potentially eligible or approached due to likely being eligible, a total of 247 (34.6%) were enrolled from August 2008 to June 2013. Inclusion and exclusion criteria are described in the earlier report (Kelley et al., 2016) . The subjects referred but not enrolled did not differ from the study sample in terms of age, race, and ethnicity, but there was a higher percentage of females in the excluded group (37.6%, compared to 25.5% of those enrolled).
Diagnoses (based on the Structured Clinical Interview for DSM-IV Axis I Disorders; (SCID); First et al., 1996) included: schizophrenia, paranoid type (97, 39%); psychotic disorder, not otherwise specified (38, 15%); schizophrenia, undifferentiated type (33, 13%); schizophreniform disorder (29, 12%); schizoaffective disorder, depressive type (26, 11%); schizophrenia, disorganized type (11, 5%); schizoaffective disorder, bipolar type (5, 2%); delusional disorder (4, 2%); brief psychotic disorder (2, 1%); and schizophrenia, catatonic type (2, 1%). The mean age of the sample was 23.9±4.8 years, 184 patients were male (74.5%), and 213 (86.2%) were African American. Other sociodemographic characteristics of the sample are given in Table 1 . We found a mean age at onset of psychotic symptoms of 21.7±5.0 years. In order to perform the bivariate analyses and build subsequent models, we selected only participants who had used cannabis at least once (216, 86.6%). The most common mode of consumption was smoking joints, not mixed with tobacco.
Measures and Rating Scales
Lifetime Substance Use Recall (LSUR)-Information
on substance use was obtained using the Lifetime Substance Use Recall (LSUR; Ramsay et al., 2011) , an instrument designed specifically for the parent study (Kelley et al., 2016) . It has a timeline that is completed collaboratively with the patient, to inform and guide data collection. It indicates the beginning and end of life milestones and activities, and trends in tobacco, alcohol, and drug use. The LSUR interview guide was developed to facilitate collection of calendar-year-specific estimates of tobacco, alcohol, and drug use, beginning with the year of first use and repeating for each year until the present. During Step 1, information is collected on first use, first weekly use, and first daily use of tobacco, alcohol, marijuana, and any other drug that had ever been used. In Step 2, the average number of days of use per month is collected and recorded on the LSUR Scoring Sheet, for each year from the year of first use to present. The validity of the LSUR has been demonstrated, finding medium-tolarge effect size (r, ρ, or d > |.50|) associations between key cannabis-related variables from the LSUR (e.g., age at onset of daily cannabis use, lifetime cumulative cannabis "dose," cannabis-related problem behaviors, past 12-week cannabis dose) and variables derived from the Retrospective Use of Alcohol and Other Substances (RETROSUB; Windle, 2005) , the Brief Drug Abuse Screening Test (Brief DAST, Skinner, 1982) , and the SCID (First et al., 1996) . Cannon-Spoor et al., 1982) evaluates functioning prior to the initial onset of prodromal or psychotic symptoms. The instrument has been used widely in schizophrenia research (Cahn et al., 2015 , Monte et al., 2008 . Using Cronbach's alpha, the estimated reliability for the Pauselli et al. Page 4 Schizophr Res. Author manuscript; available in PMC 2019 July 30.
Premorbid Adjustment Scale (PAS)-The Premorbid Adjustment Scale (PAS;
scale and subscales is between 0.81 and 0.93. It assesses four age periods: childhood (6-11 years), early adolescence (12-15 years), late adolescence (16-18 years), and adulthood (≥19 years). Functioning in each of these age periods is rated from 0 (normal adjustment) to 6 (severe impairment) and is evaluated in five major psychosocial domains: sociability and withdrawal, peer relationships, scholastic performance, adaptation to school, and socialsexual functioning. Social-sexual functioning is not included as a psychosocial domain during the childhood period, while scholastic performance and adaptation to school are not measured for the adulthood period. Information on premorbid adjustment was gathered by a semi-structured interview with the patient after a thorough chart review. In this analysis, we focused on social adjustment and academic adjustment before adolescence; i.e., during the childhood period (ages 6-11).
Trauma Experiences Checklist (TEC)-The
Trauma Experiences Checklist (TEC; Cristofaro et al., 2013 ) is a 41-item questionnaire in which participants are asked to report the frequency (0, 1, 2, 3 or >3) of a broad range of traumatic and stressful events experienced across different contexts (e.g., family, neighborhood, school) before the age of 18 years. Item 41 ("Have you ever had a parent who did drugs?") is the only "yes/no" item. Examples of trauma and stressful events include personal injury (e.g., item 31: "Have you ever had a knife pulled on you and you were physically wounded?"); extreme environmental stress (e.g., item 1: "Have you ever experienced a tornado, earthquake, flood, or hurricane?"); interpersonal violence (e.g., item 28: "Have you ever been hurt by a family member?"); and other forms of relational trauma (e.g., item 7: "Have you ever had a parent in jail?" and item 13: "Have you ever had a close friend commit suicide?"). The scale has demonstrated acceptable internal consistency reliability and concurrent validity (Cristofaro et al., 2013) . We considered the total TEC score in this analysis.
Neighborhood Disorder Scale (NDS)-The
Neighborhood Disorder Scale (NDS) is a 15-item measure of perceived neighborhood disorder constructed by Ross and Mirowsky (2001) . According to the authors and scale developers, perceived neighborhood disorder refers to conditions and activities-both major or minor, and criminal and noncriminal-that residents perceive to be signs of breakdown of social order. Items such as "Vandalism is common in my neighborhood" and "My neighborhood is safe" cover both physical and social disorder, respectively. Items are rated on a 4-point Likert scale (1=strongly disagree to 4=strongly agree) with higher scores indicating a higher level of neighborhood disorder. The Cronbach's alpha internal consistency reliability coefficient was .92 in the current sample. We computed a total NDS score as the mean of the item scores.
Cannabis Experiences Questionnaire (CEQ)-The Cannabis Experiences
Questionnaire (CEQ; Barkus et al., 2006 ) is a 56-item self-report scale measuring subjective experiences related to marijuana use. Participants indicate how frequently they have had various experiences on a 5-point scale (rarely or never to almost always or always). The CEQ was originally divided into three subscales. The Pleasurable Experiences and Psychosis-Like Experiences subscales examine immediate reactions to marijuana, while the After-Effects subscale pertains to responses once the initial marijuana intoxication has lessened. We used factors derived from a previously conducted exploratory factor analysis (Birnbaum et al., 2017) of all 56 items of the CEQ in the current sample of patients with first-episode psychosis because confirmatory factor analysis did not support the use of the originally suggested subscales (Birnbaum et al., 2017 items (α=0.79) (Birnbaum et al., 2017) .
Statistical Analyses
Basic descriptive statistics were examined. Bivariate tests (Student's t-test and Pearson correlations) were used to test associations between age at initiation of marijuana use, trajectories of marijuana use in the five years prior to onset of psychosis, the cumulative dose of marijuana intake in the premorbid period, and the hypothesized predictors. Those variables significantly associated with the premorbid cannabis use variables in bivariate tests were used to build regression models (multiple linear regression models for age at initiation of marijuana use and cumulative dose of marijuana intake; an ordinal regression model for trajectories of marijuana use) to determine which variables remained independently significantly associated.
Results
Age at Initiation of Marijuana Use
Male sex (mean difference, 0.42±0.59, t=0.71, p=0.478), PAS childhood social subscale (r= −0.13, p=0.102), and NDS (r=−0.13, p=0.106) were not associated with an earlier age at initiation of marijuana use. A poorer PAS childhood academic subscale score was significantly correlated (r=−0.20, p=0.008) with an earlier initiation of marijuana use. Age at first cigarette use was highly correlated (r=0.52, p<0.001) with age at initiation of marijuana use. The TEC total score was also modestly (r=−0.15, p=0.054) associated with age at first marijuana use.
Using the statistically significant variables from the bivariate tests (childhood PAS academic score, age at fist cigarette use, and TEC total score), a multiple linear regression model was built. When age at first cigarette use was entered into the model, the other variables became non-significant. However, because age at first cigarette use could be deemed too collinear with the dependent variable, we repeated the analysis without that variable. In that model, only childhood PAS academic score remained a significant predictor of age at initiation of marijuana use (standardized β=−0.22, p=0.006).
Marijuana Use Trajectories
We took into consideration four different marijuana use trajectories in the five years before the onset of psychosis (see Kelley et al., 2016) : (a) increase from none to occasionally, (b) increase from weekly to daily, (c) increase from none to daily, and (d) constant, daily use. No significant associations were found between trajectories and sex (χ 2 =1.43, df=3, p=0.698), childhood PAS academic functioning (r=0.14, p=0.079), NDS total score (r=0.06, p=0.505), the CEQ slowing and amotivational effects subscale (r=0.12, p=0.165), or the CEQ anxiety and paranoia effects subscale (r=0.08, p=0.361). Statistically significant associations were found with: childhood PAS social functioning (r=−0.18, p=0.028), age at first cigarette use (r=−0.20, p=0.024); TEC total score (r=0.248, p=0.003), the CEQ euphoria effects subscale (r=0.19, p=0.022), and the CEQ distortions of reality and selfperception subscale (r=0.20, p=0.017).
An ordinal regression model was built including all significant variables (as well as sex) from the bivariate tests; however, when including all variables, none were independently significant (data not shown). We then examined the set of predictors aside from the effects of marijuana (CEQ euphoria effects and CEQ distortions of reality and self-perception effects). When these variables were removed, childhood PAS social score, age at first cigarette use, and TEC total score were independently significant predictors of escalating marijuana use trajectories (Table 2 ).
Cumulative Dose of Premorbid Marijuana Intake in the Five Years Before Onset of Psychosis
Cumulative dose was log-transformed to reduce the effect of outliers. No associations were observed between cumulative dose and PAS childhood academic functioning (r=0.12, p=0.105), NDS total score (r=0.09, p=0.209), the CEQ distortions of reality and selfperception effects subscale (r=0.12, p=0.117), the CEQ slowing and amotivational effects subscale (r=0.09, p=0.227), and the CEQ anxiety and paranoia effects subscale (r=0.06, p=0.442). Statistically significant associations were found for male sex (males had a higher ln(dose), difference = 1.96±0.39, t=−4.99, p<0.0005), PAS childhood social functioning (r= −0.16, p=0.026), age at first cigarette use (r=−0.28, p<0.001), TEC total score (r=0.33, p<0.001), and the CEQ euphoria effects subscale (r=0.39, p<0.001).
A multiple linear regression model was built entering all variables that were statistically significant in bivariate tests. In this model, TEC became nonsignificant (p=0.215), but all other predictors remained associated at p<0.10 (Table 3) . Then, we examined the same set of variables but removed the variable pertaining to effects of marijuana (CEQ euphoria effects subscale). This model revealed that all four predictors (sex, childhood PAS social score, age at first cigarette use, and TEC total score) were significant predictors of cumulative dose at p<0.05 (Table 4) .
Discussion
Several interesting findings emerged from this analysis on the effects of premorbid social and academic functioning, subjective marijuana experiences, adverse life events, and other variables on patterns of marijuana use (age at first use, trajectories of use, and cumulative premorbid dose) in a sample of patients with first-episode psychosis. First, age at initiation of cigarette smoking affects all three aspects of marijuana use, leading to an earlier initiation, faster escalation, and higher cumulative dose. Second, during childhood (ages 6-11), poorer academic performance was predictive of an earlier age at initial marijuana use, while poorer social functioning was related to more rapid escalation to daily use and a higher cumulative dose. Third, while we expected that experiencing euphoric effects would be positively correlated with trajectories and dose, we believed that negative experiences would have affected the pattern of use as well, when in fact they did not. Fourth, traumatic experiences in childhood and adolescence are correlated with a more rapid escalation and a greater cumulative amount of marijuana used, but not with age at initiation of marijuana use.
Several studies have reported the association between tobacco use and marijuana use, not only in the general population, but also in subjects with schizophrenia (De Leon and Diaz, 2005) . Gage and colleagues (2014) found that, in subjects with psychotic experiences at the age of 18, marijuana use was associated with age at initiation of tobacco use younger than 16 years, as well as daily tobacco consumption. In first-episode psychosis, eight out of 10 patients using tobacco met criteria for cannabis use disorder (Wade et al., 2005) . These findings, aligned with ours, highlight the importance of prevention of early tobacco use, not as a primary risk factor for psychosis, but as a possible gateway to marijuana and other drug use. Further studies are necessary to better understand the relationship between tobacco use and marijuana use, in light of the gateway drug hypothesis, the common route of administration (smoking behavior) model, and the shared liability model, in order to decipher the influence that one drug has on the other in terms of initiation and continuation of use in this very vulnerable population (Agrawal and Lynskey, 2009; Mayet et al., 2016) .
While below average school performance has previously been shown to be associated with the development of a cannabis use disorder (Hayatbakhsh et al., 2008) , our data suggest that poor academic performance during childhood is predictive of an earlier age at marijuana use initiation. Additionally, poor sociability during childhood is associated with faster escalation to daily use and a higher total cumulative dose. Quite possibly, these childhood problems represent a manifestation of a genetic vulnerability contributing to the development of a cannabis use disorder later in life; the potential genetic underpinnings of cannabis use disorders require further exploration (Meyers and Dick, 2010) . Alternatively, academic and social struggles during childhood may lay the foundations for additive environmental risk factors associated with an earlier and more severe trajectory of use. Previous reports have found an association between environmental risk factors and marijuana use (Kendler et al., 2003) ; however, any associations with specific trajectories of use have yet to be identified.
While euphoric effects were, not surprisingly, positively correlated with marijuana trajectories and cumulative dose, predominantly negative experiences had no clear impact on patterns of use. This supports the hypothesis of an intrinsic sensitivity to marijuana that could find an explanation in an underlying genetic vulnerability (Meyers and Dick, 2010) that may or may not be influenced by unpleasant subjective responses during and after marijuana intoxication. Bianconi and colleagues (2016) found that both "bad" and "enjoyable" experiences were more commonly reported by first-episode psychosis patients than controls, suggesting a higher sensitivity to cannabis effects. Our findings could represent important information when considering motivational interviewing techniques designed to increase one's motivation for change. Simply identifying the unpleasant experiences associated with marijuana use may not be sufficient to help facilitate harm reduction or abstinence.
In our sample, individuals who reported a greater number of traumatic experiences used greater amounts of marijuana and had more concerning trajectories of escalating use. It is conceivable that use of marijuana is meant as self-medication (Khantzian, 2003) to alleviate post-traumatic negative affects and cognitions. Previous studies have demonstrated that adolescents exposed to traumatic events are more likely to use substances than those who have not been (Giaconia et al., 2000) and that marijuana use may be aimed at reducing posttraumatic symptoms (Bonn-Miller et al., 2007; Bujarski et al., 2012) .
Several methodological limitations of this analysis should be noted. First, our instruments were self-report questionnaires that can be affected by the patients' ability to recall past life events and experiences. Second, in focusing our analysis on premorbid social and academic functioning, traumatic life events, and marijuana-related experiences, we did not take into consideration biological and genetic factors that may be relevant to marijuana use patterns among patients with first-episode psychosis. Third, our sample was predominantly African American; as such, we could not examine the potential effects of race and ethnicity, and our results may not be generalizable to the broader population of first-episode psychosis patients in terms of racial and ethnic composition. Nonetheless, our results are likely to have very good internal validity within this population and are of value given the lack of research on this topic among socially disadvantaged African American patients. Similarly, given that nearly all patients were low-income and socially disadvantaged (e.g., from fragmented homes, with low occupational attainment, and often lacking health insurance), we could not consider socioeconomic status as a variable and thus could not adjust for socioeconomic status in analyses that included such variables as premorbid social and academic performance. Fourth, although smoking joints (not mixed with tobacco) was the most common mode of marijuana use, the finding of a strong association with age at initiating tobacco use remains difficult to interpret. Had most participants who used cannabis did it in the same joint with tobacco (or even at the same time as smoking cigarettes), the association of tobacco use with the escalation in frequency and dose of cannabis use over time could be confounded by the development of nicotine dependence or the evolution of smoking-related behavior and lifestyle.
An earlier onset of psychosis significantly impacts patients' prognosis and outcomes. Evidence for the effects of premorbid marijuana use on age at onset of psychosis are widely proven (Compton et al., 2009; Di Forti et al., 2014; Large et al., 2011; Kelley et al., 2016) . Furthermore, Di Forti and colleagues (2014) found that daily cannabis use, and the use of high-potency cannabis, are independently associated with a significantly higher hazard of contact with services for psychosis, and that younger age at first cannabis use is associated with younger age at onset of psychosis only in those who had used cannabis daily. This is in line with the findings from our prior study in this same sample, which showed an important effect of premorbid escalation and daily use of cannabis on the onset of psychosis (Kelley et al., 2016) . Preventing or limiting exposure to marijuana in predisposed individuals would be a key step toward prevention. This work, expanding the extant literature, highlights how cigarette smoking represents a potential opening to marijuana consumption and also how life events and social/academic functioning affect this behavior. Such research could move the field toward prevention or reduction of premorbid marijuana use, thereby delaying onset of psychosis and improving long-term course. 
